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Intermittent sources requires storage

Wind/PV: ~ 30% of 43 GW 

new construction 

Grid Energy Storage
Need:

Safe, reliable, low-cost electrochemical storage

ÁCost 
ÁTraditional primary batteries - $18-25 per kWh

ÁLow-cost materials and manufacturing

ÁEstablished supply chain 

ÁSafety 
ÁAqueous chemistry 

ÁNon-flammable

ÁEPA certified for landfill disposal

ÁReliability
ÁLong shelf-life

ÁLimited thermal management required

Alkaline Zn/MnO2 Batteries

Reversibility and Cycle life are the Challenges

http://www.urbanelectricpower.com

Poster: Profs. Banerjee and De Angelis, Advanced Battery Manufacturing Initiative

Other OE Funded Projects:

ÅRoll to Roll Manufacturing @ UEP

ÅField Tests @ NM and NY



Alkaline Zn/MnO2 Batteries3

Two classes of rechargeable Zn/MnO2 batteries: 

One Electron

Å308 mAh/g-MnO2

ÅHistorically limited cycle-

ability

Å> 3000 rechargeable cycles 

shown under limited depth of 

discharge conditions

ÅTechnology has been 

commercialized by Urban 

Electric Power

Å~ $150 per kWh (2019)

Two Electron

Å616 mAh/g-MnO2

ÅHistorically limited cycle-

ability

ÅRecently stabilized with Cu, 

Bi, CNT additives to 

demonstrate > 3000 cycles 

vs. Ni(OH)2

Å900 cycles vs. Zn reported 

with use of Ca(OH)2 interlayer

ÅProjected ~ $50 per kWh
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OE Goal: Achieve Low Cost/High Energy Density Storage for the Grid

1. Continue to Support Limited Depth-of-Discharge (DOD) Efforts

2. Develop Higher Capacity Batteries that are even more Cost Effective

Zn-MnO2 Batteries for Grid Storage
Opportunity exists to Increase Capacity and Decrease Costs

Jim Eyer and Garth Corey 

SAND2010-0815, 2010

N. D. Ingale, J. W. Gallaway, M. Nyce, A. Couzis and S. Banerjee, J. Power Sources, 276, 7 (2015).



Alkaline Zn/MnO2 Batteries
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820 mAh/g616 mAh/g

MnO2
Zn

Issues to be addressed

Cathode:

Å Irreversibility of Cathode

Å Susceptibility to Zinc poisoning

Separator:

Å Zincate crossover

Anode: 

Å Shape Change

Å Dendrite Growth

Å Irreversible ZnO Passivation

Full 2e- can be stabilized but is still susceptible to zinc poisoning 
G. G. Yadav, J. W. Gallaway, D. E. Turney, M. Nyce, J. Huang, X. Wei and S. Banerjee, Nat. Commun., 8, 14424 (2017).

Limiting Depth of Discharge has been shown to be a viable approach
N. D. Ingale, J. W. Gallaway, M. Nyce, A. Couzis and S. Banerjee, J. Power Sources, 276, 7 (2015).



OE - Alkaline Battery Research

6Also leveraging SNL-LDRD and CINT Proposal

Dr. Jonathon Duay Dr. Matthew Lim 

David Arnot Kristin Maus

Alkaline Batteries for Grid Storage

Dr. Timothy Lambert
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Stable Zinc Anodes for High-Energy-Density 

Rechargeable Aqueous Batteries & 

Manufacturable Low-Cost MnO2 Birnessite

cathode

Theoretical Studies of the Electrochemical 

Behavior of g-MnO2 Cathode Material in 

Rechargeable Zn/MnO2 Batteries

Prof. Igor Vasiliev

Birendra A. Magar (LDRD funded)

Prof. Robert Messinger Dr. Damon Turney

Dr. Gautum Yadav       Michael Nyce

Michael DôAmbroseSnehal Kohlekar

Jinchao Huang Brendan Hawkins

Understanding Phase Change Processes of 

Energy Storage Materials 
Began Sept 1, 2018

Prof. Joshua Gallaway

Matthew Kim



~ 130 mAh (MnO2) cell, 10%DOD, C/5 discharge rate

C Rate = Current (A)/Rated Capacity (Ah)
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Å Triethanolamine reported to complex w/ Mn3+ and Mn2+ in alkaline

Å Previously examined for full 1e- and 2e- discharges

Å Thought to impact only second e-

10 vol% TEA electrolyte

regular electrolyte

Energy Efficiency

M. Kelly at al. J. Electrochem. Soc. 2017, 164 (14), A3684-A3691. DOI:10.1149/2.0641714jes.

TEA additive in limited DOD Zn/MnO2

TEA

10 vol% TEA electrolyte

regular electrolyte

Discharge End Voltage

regular electrolyte

10 vol% TEA electrolyte

0.05C 0.2C 0.5C 1C 2C 0.05C0.1C

Rate Performance

10 vol% TEA

< 1.5% Zn DOD

~ 200 mAh cells

Poster: Matthew Lim, Rechargeable Alkaline Zinc-Manganese Oxide Batteries for Grid Storage

~ 300% increase in cycle life



Theoretical Study of H+ Insertion into 

b-, R-, &g-MnO2

First-electron discharge reaction in MnO2:

MnO2 + xH2O + xe-
gMnO2-x(OH)x + xOH-

In a simplified form, it can be written as:

MnO2 + xH+ + xe-
gMnO2-x(OH)x

1x1 2x1

I. Vasiliev, et al. manuscript under review.

Poster: Birendra Magar, Ab Initio Studies of Electrolytic MnO2 in Shallow-Cycled Rechargeable Zn/MnO2 Batteries

Summary

- At low DOD, the reduction of MnO2 in alkaline Zn/MnO2 batteries is governed by H+ insertion 
into the crystalline structure of MnO2.

- Studied effect of (2 x1) vs. (1 x 1) channel protonation on structural distortions, cell volumes, 
structural breakdown in MnO2 polymorphs.

- Cell volumes of protonated MnO2 polymorphs increase with increasing DOD due to the 
increase of the effective radii of Mn ions.

- Initially, inserted protons occupy 2x1 tunnels of g-MnO2 producing groutite (a-MnOOH).

- Protonation of 1x1 tunnels leads to structural breakdown of g-MnO2.

- Our study explains the presence of groutite and the absence of manganite (g-MnOOH) 
among the reaction products of partially reduced g-MnO2.



Cycling performance with various [KOH]: (a) capacity, (b) voltage at end of discharge, 

(c) Zn voltage curves; (d) voltage at end of discharge for the repeat subset of cells.

Optimizing Electrolyte Conditions for High TRL Zn-MnO2

Alkaline Batteries

Specific Capacity Discharge End Voltage

Zn Voltage Discharge End Voltage

Poster: Damon Turney, Stable Zinc Anodes for High-Energy-Density Rechargeable Aqueous Batteries
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Zn Anode ςIncreasing DOD 

Journal of The Electrochemical Society, 138 (2) 645-664 (1991)

Shape Change

Dendrite Growth

Journal of The Electrochemical Society, 163 (9) A1836-A1840 (2016)

Improved Anode DOD @ CUNY-EI 

Irreversible ZnO

Passivation

Ammonium acetate additive increase cell voltage

Zn

ZnO

Discharging

Zn

Smaller Zn results in less dendrites/shape change 

Poster: Damon Turney, Stable Zinc Anodes for High-Energy-Density Rechargeable Aqueous Batteries

(ongoing)

15% DOD

2V Charge

1.2V Discharge


